Abstract: This study examines whether the long-run purchasing power parity (PPP) holds in transition economies (Bulgaria, the Czech Republic, Hungary, Latvia, Lithuania, Poland, Romania and Russia) using monthly data over the 1995-2011 period. We apply a recently introduced panel stationary test, which accounts for sharp breaks and smooth shifts. The results indicate that the PPP holds only in two countries (i.e., Lithuania and Poland).
Introduction
Purchasing power parity (PPP) remains a cornerstone of many theoretical models in international finance. In its simplest form, PPP states that the exchange rate between two currencies should be equal to the ratio of two associated price levels. Alternatively, if we combine the nominal exchange rate and relative prices together to get the real exchange rate, this new measure should converge to its mean in
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the long run for the PPP to hold. Therefore, a non-stationary real exchange rate indicates that there is no long-run relationship between the nominal exchange rate, domestic prices and foreign prices, thereby invalidating the PPP.
Given the importance of the PPP hypothesis in open economy macroeconomic models and for constructing fundamental equilibrium exchange rates, the long-run PPP relationship has been empirically investigated extensively, using different approaches. The literature related to transition economies has already been reviewed by Bahmani-Oskooee and Hegerty [1] and need not be repeated here. The most common approach to test the PPP today is to apply unit root tests on real exchange rate series and to determine the mean reverting properties of them. As the review indicates, the results are mixed, and they depend on whether one uses linear or non-linear tests or time-series versus panel tests. Generally, since panel unit root tests utilize much more observations, they are said to be more powerful than time-series tests applied to data from an individual country.
Even within panel tests, failure to account for structural breaks in real exchange rates is said to contribute to the failure of PPP. A few studies led by Im et al. [2] have developed panel unit root tests with structural breaks, allowing for the break dates to be different across countries of the panel. In these studies, since dummy variables are used to control the structural breaks, they could only capture the sharp breaks and could not capture smooth shifts or smooth transition. Enders and Lee [3] develop tests that model any structural break of an unknown form as a smooth process via means of a flexible Fourier function. Recently, Bahmani-Oskooee et al. [4] combined the two kinds of breaks into one procedure and applied this new approach in testing the PPP in 20 African nations. In this paper, we apply their approach to test the PPP in eight transition countries. 1 To that end, in Section 2, we discuss some characteristics of the countries, as well as the data. Section 3 briefly describes the model, and then, Section 4 presents our empirical results. Section 5 concludes the paper.
Data
The transition countries considered in this study are: Bulgaria, the Czech Republic, Hungary, Latvia, Lithuania, Poland, Romanian and Russia. These countries started their liberalization programs in the late 1980s and early 1990s. In some of these countries, this period was characterized by dramatic improvements in budget deficits, debts and inflation. As these countries became increasingly open to trade (and inflation and growth rates converged to those of developed countries), we would expect to find more favorable evidence of the parity condition using data from recent years. A survey by the Organization for Economic Cooperation and Development (OECD, 1994) has pointed out that even early in the transition processes, international firms were impressed by how well these countries had adjusted after the transition and by their commitment to the newly adopted market system. In fact many of these countries adopted trade policies that mimic those of the European Union (EU), with a view toward alignment, in readiness for membership. As the reform process (price liberalization and trade opening) intensified, we could expect a reduction in persistent shocks to international parity. This means that PPP will hold true in these transition countries.
The data employed in our empirical analysis are monthly from January 1995 to October 2011. The period prior to 1995 was eliminated from the analysis, because changes in overall inflation rates during the early years of the transition process (especially appreciation of the real exchange rate) were dominated by firm-level restructuring involving massive lay-offs, the adjustment of distorted relative prices from the Communist era and pegged exchange rate regimes motivated by concerns for macroeconomic stabilization. All consumer price indices, CPI (based on 2000 = 100), and nominal exchange rates relative to the USA dollar data are taken from the Datastream. Each of the consumer price indices and nominal exchange rate series was transformed into natural logarithms before performing the econometric analysis. Testing for the PPP against the USA is based on the argument that internal foreign exchange markets are mostly dollar dominated. In addition, funds for economic reconstructions are being provided by U.S.-sponsored institutions.
Methodology
Since the approach follows that of Bahmani-Oskooee et al. [4] , only a short account will be given. To model the mean reversion properties in the log of the real exchange rate, Y, they relied upon the following specification, which assumes that series t y is level stationary. They then specify its function as follows:
where t, T and m are time trend, sample size and the optimum number of breaks, respectively. The other regressors are defined as:
Term DU is entered in the model in order to capture the sharp drifts. The two terms  = π γ are also entered to capture smooth transition via Fourier approximation. Note that n and k present the number of frequencies contained in the approximation. Three points deserve mention in estimating Equation (1), i.e., the choice of m, the choice of n and the choice of k. As noted by Enders and Lee [3] and Bahmani-Oskooee et al. [4] , it is reasonable to set n = 1, because if 0
can be rejected for one frequency, then the null hypothesis of time invariance is also rejected. Thus, Equation (1) is reduced to:
Bahmani-Oskooee et al. [4] proposed a two-step procedure to estimate (3). In the first step, the optimum break point, m, and optimum frequency, k, are determined. Following their approach, we set a maximum k at 12. Then, for any K = k, Equation (3) is estimated using the procedure proposed in Bai and Perron [6] , and the sum of squared residuals (SSR) are saved. Frequency k* is selected as the optimum frequency that minimizes the SSR. Equation (3) is then re-estimated by setting K = k* in order to select the optimum number and location of break points. In the second step, Bahmani-Oskooee et al. [4] test the absence of the nonlinear component in Equation (3) by using the following F statistic:
where ed unrestrict SSR and restricted SSR denote the SSR from Equation (3) with and without the nonlinear component, respectively. However, the proposed test does not have a standard distribution, and hence, its critical values are calculated using Monte Carlo simulation. The rest of the testing procedures are the same as Bahmani-Oskooee et al. [4] and Carrion-i-Silvestre et al. [7] . 
Empirical Results and Policy Implications
As a preliminary exercise, we first applied a few standard univariate tests, such as augmented Dickey-Fuller (ADF), PP (Phillips and Perron) and KPSS (Kwiatkowski, Phillips, Schmidt, Shin [8] ) tests, to each country's real exchange rate. The results appear in Table 1 , where all three tests indicate that the real exchange rates are non-stationary for these eight transition countries, implying failure of the PPP. These results are consistent with that of existing literature and may be due to the low power of these three univariate unit root tests when the real exchange rates are highly persistent. 3 Next, we shift to Equation (3) and panel stationary tests with sharp shifts and smooth breaks and report the results in Table 2 . 4 Following Bahmani-Oskooee et al. [4] , we computed the critical values using Monte Carlo simulation and 5000 replications. From Table 2 , we gather that according to our panel stationary tests results, the null hypothesis of stationarity is rejected for all of the countries, when both homogenous long-run variance and heterogeneous long-run variance are used. However, the results of the univariate stationary test indicate that the null of stationarity is not rejected for Lithuania and Poland at the 1% significant level. Based on these findings, we can conclude that this approach provides weak evidence of the long-run PPP in transition countries being studied. These results are consistent with those of Beko and Borsic [10] and Baharumshah and Borsic [11] , who provided weak (or no) support for PPP for various groups of transition countries.
Our empirical results might originate from several factors, such as differences in technology/productivity and preferences, different factor endowments, trade barriers, transportation costs and differences in price index formations. It should also be noted that the share of government activities in these transition countries is still large, which makes the prices administrated. The 2 The null hypothesis is that data are stationary, and the alternative hypothesis is that data are non-stationary. 3 Following Rapach and Wohar [9] , we calculate the half-life of a shock for each country, and it is based on using the cumulative impulse response function. We classify transition countries according to their half-lives into two groups; countries with a half-life less than one year (first group) and countries with a half-life less than two years (second group). The results of the half-life show that a shock to the real exchange rate of Bulgaria will dissipate by one-half in about 7.89 months. A shock to real exchange rates of the rest of the seven countries (i.e., Czech Republic, Hungary, Latvia, Lithuania, Poland, Romania and Russia) require a time period of 20 months for dissipating by one-half. Calculation of confidence intervals for the half-life shows that the confidence intervals are very wide for the half-life of all eight countries. The results show a high degree of persistence in the real exchange rate series. 4 Maximum number of breaks and frequencies are fixed at 10 for each country. The optimum frequency and drift dates are reported in Table 3. administrated prices might be an important source of deviation from the PPP in these transition countries. Therefore, it is possible to claim that deviations in the short run form the PPP are prolonged for most of these transition countries, and there are no forces that are capable of bringing the exchange rate back to its PPP values in the long run. Note: *** indicates significance at the 0.01; the numbers in parenthesis indicate the lag order selected based on the recursive t-statistic, as suggested by Perron [12] ; the numbers in brackets indicate the truncation for the Bartlett kernel, as suggested by the Newey-West test [13] . Notes: The finite sample critical values are computed by a Monte Carlo simulation using 5000 replications; the maximum breaks and frequencies were fixed at 10, respectively. 
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For some other PPP and exchange rate-related studies, see . 
Conclusions
In contrast to old studies, which tried to establish the long-run relation between the nominal exchange rate and relative prices, recent studies have combined the two variables into one and have investigated the mean reverting property of the new variable, i.e., the real exchange rate. If the real exchange rate reverts to its mean, it is said to have no unit root or it is stationary, supporting the purchasing power parity.
Since the introduction of unit-root tests, different authors have applied different test and have not provided uniform support for the theory. While some have applied a univariate unit-root test to an individual country's data, some have relied upon panel models combining time-series across countries. The panel unit-root tests are said to enjoy more power due to the increased number of observations. It has been argued that regardless of the nature of the test, failure to account for structural break could result in misleading results. To that end, some have included dummy variables to reduce the biasness of the results. The difficulty of including a dummy is that one must know the exact break date.
In case there is more than one sharp break with an unknown date and some other smooth breaks, Bahmani-Oskooee et al. [4] proposed a new stationary test in the panel setting, which accounts for both sharp and smooth breaks. We apply this new approach for a sample of eight transition countries over the period of January 1995 to October 2011. While standard univariate or panel tests reject the PPP, the new test indicates that PPP is supported at least in two countries (i.e., Lithuania and Poland).
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